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HDVLO\UHVXOWLQQHUZDOOFRUURVLRQ8VHRIQHZFRUURVLRQUHVLVWDQWLQVXODWLRQPDWHULDOVFDQUHGXFHWKHRXWHUFRUURVLRQ
WRDFHUWDLQH[WHQWKRZHYHU LW LVGLIILFXOW WRFRQWURO LQWHUQDOFRUURVLRQDQGHOLPLQDWH7KHGHWHFWLRQRI LQQHUZDOO
IODZVXQGHULQVXODWLRQLVDOVRDSUREOHPDVWKHORFDOL]HGFRUURVLRQRILQQHUZDOOFDQEHFRPHDELJKDUPZKHQLWV
GHSWKLVODUJH
6HYHUDOWHVWLQJWHFKQRORJLHVDUHDSSOLHGLQWKHGHWHFWLRQRISLSHXQGHULQVXODWLRQVXFKDVUD\LQVSHFWLRQXOWUDVRQLF
JXLGHGZDYHWHVWLQJDQGPDJQHWLFIOX[OHDNDJHGHWHFWLRQDPRQJZKLFK WKHJXLGHGZDYHWHVWLQJDQGSXOVHGHGG\
FXUUHQWWHVWLQJWHFKQRORJ\LVFXUUHQWO\GHYHORSLQJPRUHPDWXUHDQGDUHXVHGUHODWLYHO\EURDGO\>@
,QWKHILHOGRIXOWUDVRQLFWHVWLQJWKH7HOHWHVWWHVWLQJHTXLSPHQWSURGXFHGLQ%ULWLVK7:,*URXSDQG:DYHPDNHU
SURGXFHGLQ%ULWLVKXOWUDVRXQGJXLGHGZDYHFRPSDQ\DUHDSSOLHGLQORQJGLVWDQFHSLSHOLQHFRUURVLRQGHWHFWLRQ>@
8OWUDVRQLFJXLGHGZDYHFDQDFKLHYHORQJUDQJHGHWHFWLRQDQGUDSLGSRVLWLRQLQJLQQHUZDOOFRUURVLRQZLWKUHPRYDORI
DVPDOOSRUWLRQRILQVXODWLRQKRZHYHUWKHGHWHFWLRQVHQVLWLYLW\LVQRWYHU\KLJKDVJXLGHGZDYHDWWHQXDWLRQDQGODUJH
H[WHUQDOQRLVH$FFRUGLQJWRWKH(8
VFRUURVLRQXQGHULQVXODWLRQJXLGHOLQHVWKHJXLGHGZDYHDVDVFDQQLQJPHDQV
QHHGV FDUHIXO H[DPLQDWLRQ LQ FRPELQDWLRQ ZLWK RWKHU WHFKQLTXHV RQH RI ZKLFK LV SXOVHG HGG\ FXUUHQW WHVWLQJ
WHFKQRORJ\>@
7KHSXOVHGHGG\FXUUHQWWHVWLQJ3(&7WHFKQRORJ\FDQFDUU\WKHGHWHFWLRQRILQQHUDQGRXWHUZDOOIODZVZLWKRXW
UHPRYHRI LQVXODWLRQ DQG FDQ¶W EH DIIHFWHGE\ WKH WHPSHUDWXUH RI WKH IORZLQJPHGLXP LQ WKHSLSHZKLFK DUH WKH
ELJJHVWDGYDQWDJHV7KH3(&7LVFXUUHQWO\DSSOLHGLQ WKHGHWHFWLRQRIFRUURVLRQVLQSLSHXQGHU LQVXODWLRQLQ57'
FRPSDQ\ 6KHOO DQG RWKHU $PHULFDQ FRPSDQLHV DQG DFKLHYHG JRRG UHVXOWV >@ 7KH 3(&7 V\VWHP KDV EHHQ
GHYHORSHG VHYHUDO \HDUV LQ&KLQD IRU WKHGHWHFWLRQV RI DUHD FRUURVLRQVXQGHU LQVXODWLRQ DQG UHVHDUFKRI ORFDOL]HG
FRUURVLRQWHVWLQJ>@
$WHVWLQJPHWKRGRIORFDOL]HGZDOOFRUURVLRQXQGHULQVXODWLRQLVVWXGLHGLQWKLVSDSHUDQGD3(&7V\VWHPZKLFK
FDUULHGWKHGHWHFWLRQRIDUWLILFLDOLQQHUZDOOIODZVXQGHULQVXODWLRQLVHVWDEOLVKHG7KLVVWXG\KDVJUHDWVLJQLILFDQFH
IRUGLVFRYHULQJZDOOIODZVHVSHFLDOO\WKHORFDOL]HGFRUURVLRQRILQQHUZDOODQGUHGXFLQJHFRQRPLFORVVHVFDXVHGE\
SLSHOLQHOHDNDJH
3XOVHG(GG\&XUUHQWSULQFLSOHLQSLSH
)LJXUHLVWKH3(&7VFKHPDWLFLQWKHSLSHXQGHULQVXODWLRQ:KHQWKHH[FLWDWLRQFRLORISUREHLVSDVVHGWKURXJK
DELSRODUVTXDUHORZIUHTXHQF\SXOVHDQGWKHH[FLWDWLRQLVFDUULHGRXWLQWKHGHWHFWLRQRIIHUURPDJQHWLFPDWHULDOLWV
PHFKDQLVPFDQEHDSSUR[LPDWHO\LQWHUSUHWHGDVWKHHIIHFWRIWUXQFDWHGFXUUHQWDVVKRZQLQ)LJ7KHSXOVHVLJQDO
RIDIUHTXHQF\LVWUDQVPLWWHGWRVHQVRU¶VH[FLWDWLRQFRLOZKHQWKHH[FLWDWLRQSXOVHVLJQDOLVFXWRIIDWDPRPHQWVR
WKHH[FLWDWLRQFRLOZLOOJHQHUDWHDSXOVHGPDJQHWLFILHOGDQGKDVUDSLGGHFD\5DSLGGHFD\RIWKHSXOVHPDJQHWLFILHOG
LQ WKHSLSHVSHFLPHQVLQGXFHVDSXOVHGHGG\FXUUHQWZKLFKZLOOSURGXFHDVHFRQGDU\PDJQHWLFILHOGGHFD\DW ODVW
DQGFKDQJHVRIWKHVHFRQGDU\PDJQHWLFILHOGFDQUHSUHVHQWWKHFKDQJHVRIHGG\FXUUHQWRQIHUURPDJQHWLFVSHFLPHQV
VRDVWRUHIOHFWPHWDOORVVRILQQHUDQGRXWHUZDOORISLSHQHDUUHFHLYLQJFRLORISUREH


)LJ3(&7VFKHPDWLFLQWKHSLSHXQGHULQVXODWLRQ
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
)LJ3XOVHH[FLWDWLRQDQGUHFHSWLRQFXUYH
7HVWLQJV\VWHP
3.1. Design of the testing system 
7KHGHVLJQHG3(&7V\VWHPLQFOXGHVDSXOVHH[FLWDWLRQDFTXLVLWLRQGHYLFHSUREHVLJQDODQDO\VLVVRIWZDUHDQG
VSHFLPHQDVLVVKRZQLQ)LJ


)LJ3(&7V\VWHPLQWKHSLSHXQGHULQVXODWLRQ
3.2. Design of the probe 
7KH3(&73UREH¶VVWUXFWXUHLVGHVLJQRIF\OLQGULFDOVKDSHZLWKWKHXQELDVHGFRD[LDOH[FLWDWLRQDQGUHFHSWLRQ7KH
H[FLWDWLRQFRLOV¶GLDPHWHU LVPPZRXQGHG WXUQVDQG WKHGHWHFWLRQFRLOV¶GLDPHWHU LVPPZRXQGHG
WXUQV7KHH[FLWHGSXOVHGFXUUHQWLVDPSZLWKLWVIUHTXHQF\RIN+]DQGGXW\F\FOHRI
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3.3. Design of the specimen 
7KH LQQHU ZDOO DUWLILFLDO IODZV DUH PDFKLQHG LQ WKH FDUERQ VWHHO SLSH ZKRVH OHQJWK LV PP WKH QRPLQDO
GLDPHWHULVPPDQGZDOOWKLFNQHVVLVPP7KHDUWLILFLDOGHIHFWVLQFOXGHODUJHDUHDWKLQQLQJORFDOL]HGJURYH
OLNHFRUURVLRQVDQGSLWOLNHFRUURVLRQVVKRZQLQ)LJDQG)LJ7KHWKLFNQHVVGHYLDWLRQRIVSHFLPHQLVDOPRVWWKH
VDPHDVXVHGLQWKHSURGXFWLRQ7KHDOORZDEOHWKLFNQHVVGHYLDWLRQLVDQGDFWXDOZDOO WKLFNQHVVLVEHWZHHQ
PPDQGPP

)LJ'LVWULEXWLRQRIDUWLILFLDOLQQHUIODZVLQVSHFLPHQ$

)LJ'LVWULEXWLRQRIDUWLILFLDOLQQHUIODZVLQVSHFLPHQ%
7HVWLQJDQGGDWDDQDO\VLV
,QRUGHUWRDYRLGWKHDIIHFWRIWKHSLSHSRUWWKHILUVWGDWDDFTXLVLWLRQLVFDUULHGRXWDWDGLVWDQFHRIPPIURP
WKHSRUWRISLSHZLWKHYHU\LQWHUYDODFTXLVLWLRQRIPPDQGIRUPDGHFD\FXUYH)LJDVKRZVDQDFTXLVLWLRQ
FXUYH RI WHVWLQJ LQ WKH VSHFLPHQ :KHQ WKH SLSH H[LVWV GHIHFWV WKH UHFHLYLQJ FRLO¶V YROWDJH DWWHQXDWLRQ ZLOO
DFFHOHUDWHZKLFKFDQEHXVHGWRLGHQWLI\GHIHFWV7KHDWWHQXDWLRQFXUYHLVGLYLGHGLQWRWLPHVOLFHVDQGHDFKWLPH
VOLFHFRUUHVSRQGVWRDQLQGXFWLRQYROWDJHWKHUHE\IRUPLQJWKH&&&DQG&WLPHZLQGRZVLJQDOVWLPH
VOLFHVLJQDODVVKRZQLQ)LJE7KHKRUL]RQWDOD[LVUHSUHVHQWVWKHSRVLWLRQRIDFTXLVLWLRQRQWKHSLSHDQGWKH
RUGLQDWHD[LVUHSUHVHQWVWKHYROWDJHRIWKHUHFHLYLQJFRLOLQ)LJE7KHYROWDJHDWDWLPHVOLFHZLOODWWHQXDWHZKHQ
WKH SLSH H[LVWV IODZV DQG WKH JUHDWHU LV WKH IODZ WKH JUHDWHU WKH YROWDJH VLJQDO DWWHQXDWHV VR ZH FDQ FKRRVH D
GLIIHUHQWWLPHVOLFHWRLGHQWLI\WKHIODZ7KHGHWHFWLRQV\VWHPVHOHFWVWKHEHVWZLQGRZVLJQDORI&LQWKHGHWHFWLRQ
RILQQHUZDOOIODZVXQGHULQVXODWLRQ
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WKLQQLQJIODZDOVRREYLRXVO\GHFOLQHVIURPWKHWKSRVLWLRQWRWKHWKSRVLWLRQ$VLVVKRZQLQ)LJZKHQWKH
WKLFNQHVVRILQVXODWLRQLVPPWKHGHYLFHFDQVLJQLILFDQWO\GHWHFWWKHODUJHDUHDFRUURVLRQVRILQQHUDQGRXWHUZDOO
ZLWKWKLQQLQJRI,WFDQDOVRGHWHFW WKHORFDOIODZZLWKWKHOHQJWKRIPPZLGWKRIPPDQGGHSWKRI
PPKRZHYHUWKHVLJQDORIORFDOIODZLVQRWVLJQLILFDQW7KHGHFOLQHDWWKHWKSRVLWLRQLVDQRQDUWLILFLDOGHIHFW
VLJQDODVLWLVWKHWKLQQHUZDOOGXHWRWKHGHYLDWLRQRIVWHHOSURGXFWLRQ7KHWKSRVLWLRQLQWKHSLSHLVPHDVXUHGE\
XOWUDVRQLF WKLFNQHVV JDXJH DQG LWV WKLFNQHVV LV EHWZHHQ PP DQG PP ZKLFK LV WKLQQHU WKDQ WKH
VXUURXQGLQJZDOOWKLFNQHVVRIPPPPVRLWGLVSOD\VDOLWWOHGHFOLQHDWWKHWKSRVLWLRQLQWKHSLSH
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)LJ3XOVHGHGG\FXUUHQWWHVWUHVXOWVRIDUWLILFLDOIODZVLQVSHFLPHQ%
7KHWHVWLQJUHVXOWVRIVSHFLPHQ%LQ)LJDUHVKRZQLQ)LJ7KHSUREHLVSODFHGDWDGLVWDQFHRIPPIURP
WKHSRUWRISLSHDQGWKHVLJQDOVRIIODZIODZIODZDQGIODZDSSHDUDFFRUGLQJO\DWWKHWKWKWKDQGWK
SRVLWLRQV
,WFDQEHVHHQIURPWKH)LJWKDWDOOWKHVLJQDOVRIORFDOL]HGFRUURVLRQVSLWVLQVSHFLPHQ%GHFOLQHDFFRUGLQJO\
DWWKHWKWKWKWKSRVLWLRQVRIWKHSLSHZKHQWKHWKLFNQHVVRILQVXODWLRQVLVPPPPDQGPP$OO
IODZV LQ VSHFLPHQ% VKRZPRUH REYLRXVO\ DV WKH LQVXODWLRQ¶V WKLFNQHVV LV PP ([SHULPHQW VKRZVZKHQ WKH
WKLFNQHVVRILQVXODWLRQLVOHVVWKDQPPSLSH¶VGLDPHWHURIPPDQGWKHWKLFNQHVVRIZDOOLVPPWKHSXOVHG
HGG\FXUUHQWV\VWHPFDQREYLRXVO\GHWHFWWKHORFDOIODZVRILQQHUZDOOZLWKWKHDUHDRIDERXWVTXDUHPLOOLPHWHUV
DQGGHSWKRI
7KHFRPSUHKHQVLYHWHVWLQJUHVXOWVRIVSHFLPHQ$DQGVSHFLPHQ%VKRZWKDW WKHSXOVHGHGG\FXUUHQWV\VWHPLV
DEOHWRGHWHFWWKHLQQHUDQGRXWHUZDOOWKLQQLQJRILQWKHSLSHXQGHUWKHLQVXODWLRQ)XUWKHUPRUHWKHV\VWHPKDV
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UHDFKHGDFHUWDLQGHJUHHRIGHWHFWLRQDFFXUDF\IRUWKHORFDOL]HGFRUURVLRQVXFKDVVWULSVRUORFDOL]HGDUHDFRUURVLRQV
ZLWKWKHGHSWKRI
&RQFOXVLRQ
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